Colletotrichum gloeosporioides is the causal agent of anthracnose disease in fruits and vegetables, representing a global problem. The use of biocontrol agents has proved effective against fungal diseases in a wide variety of products. In this work, the antifungal activity of Wickerhamomyces anomalus against C. gloeosporioides isolated from contaminated avocados was evaluated. The antagonism and volatile compound inhibition were measured on Petri dishes. In the mixed cultures, the mycelia damage was observed by scanning electron microscope (SEM). Chitinase and glucanase production by the antagonism was quantified by the reducing sugars method, and biofilm formation was evaluated with 1% crystal violet. The yeast W. anomalus could reduce the growth of C. gloeosporioides up to 65% by direct antagonism and 10% by volatile compounds. The antagonist did not allow the conidia germination and mycelia growth in any of the tested formulations. SEM showed mycelial damage caused by W. anomalus. The antagonist showed adhesion to the mycelium by a polysaccharide biofilm. The presence of mycelium stimulated the hydrolytic enzyme production with the maximal activity of 21.4 U/mg for chitinases at 24 h and 10 U/mg for glucanases at 60 h. These results showed that W. anomalus used together different mechanisms to express its antifungal activity against C. gloeosporioides. This study might be the first report for this phytopathogen isolated from avocado fruits, which could represent an opportunity to establish biocontrol of diseases for this agricultural product.
Introduction 
Phytopathogenic microorganisms that cause decay in fruit and vegetables with commercial value represent a global problem, leading to a products loss percentages up to 20%-35% [1] . The anthracnose disease caused by Colletotrichum gloeosporioides not just affects fruits and vegetables, but also legumes and ornamental plants [2] . The infection on fruits can occur when the products are injured during transportation and management process, or when the fruits natural inhibitors start to decrease due to the maturation process, so the phytopathogen conidia present on the product skin initiate an accelerated reproduction, which leads to a subsequent invasion to the pulp. The anthracnose disease can be identified by the appearance of circular dark colored patches [3] . These fungal diseases are usually controlled by chemical fungicides [3, 4] , and its application directly into food products is considered dangerous to human health and environment. These encouraged the search for safer and environmentally friendly alternatives to stop or reduce postharvest decay [2, 5] . One of the effective alternatives is the use of biocontrol agents, which involve the participation of antagonistic microorganisms applied directly to the fruits or vegetables. It can compete directly with the phytopathogenic microorganisms to prevent growth [6] .
While the competition for space and nutrients is one of the principal mechanisms used by the biocontrol agents, they also make use of a wide variety of D DAVID PUBLISHING
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Colletotrichum gloeosporioides 342 different mechanism to suppress the phytopathogen activities. Other mechanisms, like the capacity to adhere to specific sites or wounds of the host, exudation of different enzymes and secretion of antimicrobial substances or active metabolites like volatile compounds, are also an important part in the biocontrol activity [7, 8] . Yeast of Wickerhamomyces anomalus (Pichia anomala) has a wide history of biocontrol in various fruits due to its antagonistic effect against different fungal pathogens and their broad history of use for biotechnology process [6] . The goal of the present study was to conduct a study on the biocontrol strategy used by W. anomalus against C.
gloeosporioides in the context of future research towards an efficient biocontrol using a formulation containing adequate conditions for the antagonist.
Materials and Methods

Biological Material
The isolate of C. gloeosporioides was isolated from field of infected avocados. W. anomalus strain KP238319 was provided by the Laboratory of Phytopathology, Centro de Desarrollo de Productos Bióticos-Instituto Politécnico Nacional (CEPROBI-IPN), Carretera Yautepec-Jojutla, Yautepec, Morelos, México.
Antagonistic Capacity
The antagonism W. anomalus was evidenced on Petri dishes, on two different solid media-yeast-malt agar (YMA) and potato dextrose agar (PDA). A dual culture was made placing a 6 mm disc of C. gloeosporioides at 1.5 cm of the dish end and streaking a 1.5 cm wide streak of W. anomalus 6 cm away from the disc (Fig. 1 ). The dishes were incubated at 28 °C for 15 d and then phytopathogen radius was measured. Dishes containing only the phytopathogen were used as controls.
Inhibition by Volatile Compounds
The assay was performed according to the methodology described by Vero et al. [9] , making a double chamber with two Petri dishes containing PDA medium. On the upper side of the chamber, a 6 mm disc of C. gloeosporioides was placed and 100 µL of 5 × 10 6 cells of W. anomalus were placed on the bottom side. The chambers were sealed with parafilm and incubated for 15 d at 28 °C. Phytopathogen growth radius was measured and chambers in absence of antagonist were used as control.
Inhibition of Conidial Germination of C. gloeosporioides by W. anomalus
Flasks with potato dextrose broth (PDB) medium were inoculated with different cell numbers of W.
anomalus starting with 1 × 10 6 cells and making serial dilutions (1:10). On the same flasks, conidia of C.
gloeosporioides was inoculated using relations of dilution of 1:1, 10:1, 100:1 and vice versa. The cultures were maintained under stirring for 72 h at 28 °C. Prior the incubation time, aliquots were taken and observed under microscope for monitoring the presence of mycelia.
Interaction of W. anomalus with C. gloeosporioides by Scanning Electron Microscopy (SEM)
Flasks containing PDB medium were inoculated with 5 × 10 5 conidia from C. gloeosporioides during 72 h at 28 °C under stirring to allow mycelia growth. The mixed cultures were performed by adding 1 × 10 6 cells of W. anomalus to the flasks, containing the mycelia and incubating them under the same conditions. Samples were taken at 0, 24, 48 and 72 h of 
Study of the Action Mode of Wickerhamomyces anomalus against
Colletotrichum gloeosporioides 343 the interaction, and processed to be observed under SEM.
Evaluation of Chitinase and Glucanase Production of W. anomalus on the Mixed Cultures
Flasks containing PDB medium were inoculated with 1 × 10 6 cells of W. anomalus and either 5 × 10 5 conidia or the mycelia previously growth as 
Determination of Biofilm Formation by W. anomalus
The determination was performed according to the methodology described by Vero et al. [9] , using a 
Results and Discussion
Antagonistic Capacity
The antagonism on the PDA plates showed a 65% reduction in average growth radius of the pathogen, while no significant reduction was seen on the YMA plates ( Table 1 ). In this case, both mediums contained glucose as carbon source, but had differences in the nutrients given by the potato dextrose or malt extract, showing involvement in the antagonistic activity. Jijakli and Lepoivre [11] described that the biocontrol exercised by W. anomalus is subject to the type of nutrients. The medium containing PDA is more efficient for W. anomalus than the ones containing malt on its composition. So the substrate specificity and selectivity are suggested towards certain types of fruits. These results were the base for just using PDA and PDB mediums and will be used to continue the experiments.
Inhibition by Volatile Compounds
The inhibition effect of volatile compounds showed 10% reduction in growth comparing with control (Table 2 ). However, the identity of the volatiles that inhibited C. gloeosporioides growth was not yet determined. Inhibition by volatile compounds has been demonstrated previously in different reports [9, 12] . Coda et al. [13] identified some volatile compounds produced by W. anomalus, such as ethyl acetate and ethanol, which caused inhibition for the pathogens. Also, the compound 2-phenylethanol produced by W. anomalus was attributed to have biocontrol properties that affect the conidia germination, 
growth, toxin production and genes expression of
Aspergillus flavus [14] .
Inhibition of Conidial Germination of C. gloeosporioides by W. anomalus
In dual cultures, W. anomalus did not allow the conidia germination of C. gloeosporioides at any of the tested relationships, while conidial germination and mycelial growth in controls did it. W. anomalus showed antagonistic action against filamentous phytopathogens that affects fruits and vegetables, such as Penicillium expansum, Botrytis cinerea and Aspergillus flavus by inhibiting conidial germination and mycelial growth [11] . In these studies, the interaction of both microorganisms on a dual cell culture gives the data for the subsequent analysis of the hydrolytic enzymes activity.
Interaction of W. anomalus with C. gloeosporioides by SEM
Damage to the phytopathogen hyphae and its colonization by W. anomalus was observed by optical microscopy and SEM (Fig. 2) . The damage by W.
anomalus was seen on ratios of 10:1 cells or more against the phytopathogen by optical microscopy. On SEM, structural damage of mycelium was showed after 48 h, and presented cell wall degradation (Fig.  2c) , compared with the control hyphae ( Fig. 2a ) and the beginning of the interaction (Fig. 2b) , possibly due to the hydrolytic enzymes activity. W. anomalus is directly adherent to the hyphae of the pathogen, suggesting that adhesion mechanism is present ( Fig. 2d) , such as the production of an exo-polysaccharide might be contributes to adhesion. This adhesion had been reported as part of the mycoparasitism mechanism, and applied when the hyphae of a living fungus are utilized as a nutrient source for another microorganism. Tayel et al. [10] reported damage to the hyphae, mycoparasitism and finally a complete lysis of Aspergillus flavus hyphae caused by W. anomalus. This effect may vary depending 
Evaluation of Chitinase and Glucanase Production of W. anomalus on the Mixed Cultures
To better analyze the times on which the different growth phases are presented and compare them to the enzyme production, a growth curve was made,
showing a specific growth velocity of µ = 0.135/h ( Fig. 3 ). As shown in Fig. 4 The presence of the conidia did not stimulate the chitinase production, and the enzyme activity was similar to that provided in absence of the phytopathogen. This suggests that chitinases are induced by the presence of chitin from the hyphae, where its amount is greater than in the conidia.
The glucanase activity presents two peaks of activities in presence of the fungal hyphae, at 30 h of 6.5 U/mg and 10.8 U/mg at 60 h, respectively ( Fig. 5 ).
Glucanase activity was lower in presence of conidia (6.4 U/mg). Unlike chitinases, the antagonist produces glucanases in absence of the phytopathogen. These results show that the presence of phytopathogen hyphae increases the production of both enzymes.
While chitinases are produced during the exponential phase with activity almost double as glucanases which get its maximum activity on stationary phase. The glucanase production was also continuous from the start, but in low concentrations. Similar results were found by Jijakli and Lepoivre [11] , who reported an Optical density measured at 600 nm increase on the glucanase activity from W. anomalus in presence of cell wall fragments of Botrytis cinerea. Moreover, Tayel et al. [10] reported that glucanases activity production by W. anomalus was gradually increased on its stationary phase, and the production was decreased when the incubation times continued. Different studies reported higher activities of
Trichoderma harzianum, Pichia guilliermondii and
Serratia marcescens when the culture media was supplemented with the cell wall of a phytopathogenic cell walls in mediums that contain other substrates [18] [19] [20] [21] . The production rate of these enzymes may vary depending on which phytopathogen W. anomalus is facing, as manifested by Tayel et al. [10] , who found chitinase and glucanase activities around 2 U/mg and
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gloeosporioides hyphae almost constantly. It has been mentioned that the hydrolytic enzymes are indeed a factor of biocontrol, working together with other mechanisms on degradation and lysis process. These results indicate that the interaction of both microorganisms produce the higher induction at different times for each enzyme. However, other studies about the production of these hydrolytic enzymes give more importance to the glucanases, although both enzymes are participants for these degradation processes and biocontrol.
Determination of Biofilm Formation by W. anomalus
The biofilm formation was measured at 600 nm, having an average value of an optical density (OD) of 0.3025 ± 0.0988, while the controls showed OD value of 0.0979 ± 0.0292 (Table 3) . Biofilm formation is considered as an important attribute for antagonist yeasts, as it helps to successfully colonize and protect both the wound site and the intact fruit [22] . These biofilms are also a mechanism that gives the ability to withstand stress and improve their endurance [9] . The biofilm formation capacity of W. anomalus in absence of the phytopathogen could be tested and the adhesion to the hyphae during the interaction of both microorganisms was corroborated by SEM.
Biocontrol agents and their action mechanism have awakened great interest in the last 20 years, preventing postharvest diseases by pathogenic fungi. The present study focused on the mechanisms presented by the antagonist yeast W. anomalus against the phytopathogen C. Gloeosporioides causative of the anthracnose, isolated from avocados. Microorganisms as Streptomyces sp. have been shown antifungal [23] . Trichoderma species also exhibit antagonism toward these phytopathogens [24] . However, antagonistic yeasts are of the most promising, because they do not produce harmful molecules that could affect the stored products. The presence of the phytopathogen stimulates the production of hydrolytic enzymes and a biofilm formation that allows the development of the biocontrol effect. The hydrolytic enzymes glucanases and chitinases were reported in this study to inhibit the germination of conidia. And their production is an important factor for causing fungal mycelium damage, while the biofilm allows the invasion and parasitism.
Directly, yeast as antagonist uses its ability to produce volatile compounds against mycelial growth of the pathogen. The mechanisms of antifungal compounds and/or enzymes production by W. anomalus work together synergistically and complement each other to achieve the biocontrol activity against C.
gloeosporioides. Finally, this study might be the first report for this phytopathogen isolated from avocado fruits, which could represent an opportunity to establish biocontrol of diseases for this crop.
Conclusions
Regarding the results obtained, it can be concluded that W. anomalus is an efficient antagonist to inhibit growth of C. gloeosporioides isolated from avocados, using different mechanisms. The phytopathogen presence stimulates the production of hydrolytic enzymes glucanases and chitinases that are an important factor to inhibit the conidia germination and
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Colletotrichum gloeosporioides 348 cause structural damage on already developed hyphae. The biofilm allows W. anomalus to invade and parasite the hyphae, and indirectly, it can produce volatile compounds to also inhibit mycelia growth. The mechanisms used by the antagonist work together and complement each other to achieve the biocontrol activity over C. gloeosporioides.
